Background: ERP studies show reduced P300 amplitudes in alcohol use disorders (AUDs). Alcohol exposure, genetic vulnerability to alcoholism, and comorbid psychopathology may contribute to this reduction. Most previous research has studied treated adult AUD samples, which have more severe alcoholism, a greater family history ofAUDs, and more comorbidity than untreated samples. UntreatedAUD samples tend to have little or no P300 amplitude reduction. We compared P300 between treatment-naIVe alcohol-dependent (TNAD) adolescents with no diagnosable substance abuse or psychiatric comorbidity, and non-sub stance-abusing control (NSAC) adolescents.
Introduction
Reduced amplitude of the P3b event-related potential (ERP) is a robust finding in individuals with alcohol use disorders (ADDs), as well as in those with a family history ofADDs (Beg leiter and Begleiter et aI., 1984; Fein and Chang, 2006; Iacono et aI., 2003) . Some literature argues that the P3b reduction is a physiological correlate of chronic alcohol exposure. For instance, animal studies suggest that relatively brief alcohol exposure in adolescence is sufficient to result in P300 changes that endure into adulthood (see, e.g., Criado et aI., 2008; Ehlers and Criado, 2010) . However, most studies propose that the P3b reduction is an endophenotypic marker for the genetic vulnerability to ADDs (Bauer, 2001; Begleiter and Porjesz, 1988; Hill et aI., 1999b Hill et aI., , 2009 Pfefferbaum et aI., 1991) . Furthermore, chronic alcohol use and genetic vulnerability to ADDs may contribute independently to the P3b reduction (perlman et aI., 2009 ). Because chronic alcohol exposure and genetic risk for ADDs commonly co-occur, it is often difficult to determine the relative contribution of each to the P3b reduction.
Most research on the P3b reduction in ADDs has focused on clinical popUlations of treated individuals with alcohol dependence. Our group and others have shown repeatedly that treated or treatment-seeking individuals with alcohol dependence, who constitute at most 25% of individuals with an ADD, come from a different population than treatment-naIve alcohol-dependent individuals. The former have more severe alcoholism, a higher family history density of alcohol problems, more psychiatric and polysubstance comorbidity, and more cognitive and structural impairment than the latter (Di Sclafani et aI., 2008; Fein et aI., 2002; Fein and Landman, 2005; Gazdzinski et aI., . 2008; Smith and Fein, 2010) .
Regarding the P3b reduction specifically, we have shown that treatment-naIve actively drinking alcohol-dependent adults show this reduction to a dramatically smaller degree than do treated alcoholics (Fein and Andrew, 2011) . Others have shown that the reduction is no longer detectable when internalizing psychiatric comorbidity is taken into account (Hill et aI., I 999a) , and, further, that P3b amplitude is negatively correlated with history of externalizing behaviors in individuals with substance use disorders (SUDs) (Bauer, 2001) . Ongoing studies of 'pure' alcohol dependence (i.e., studies of individuals who are treatment-naIve, and who are negative for SUDs and are without lifetime psychiatric comorbidity) are critical for advancing our understanding of alcoholism.
There is a paucity of data examining possible P3b reductions in treatment-naIve AUD adolescents without substance or psychiatric comorbidity. Published studies on adolescents with AUDs (e.g., Bauer and Hesselbrock, 2003; Carlson et aI., 1999) focus on treated samples with childhood externalizing diagnoses and substance (other than alcohol) involvement. Studies of treatment-naIve adolescent AUD samples who are free of psychiatric and other substance comorbidity will help tease out the contribution of alcohol exposure to the P3b reduction because adolescents have much less such exposure than do older individuals who have been drinking for much longer.
We have been studying such a 'pure' sample (without substance or psychiatric comorbidity) of alcohol-dependent adolescents in the Cape Town region of South Africa.
In the research described here, we hypothesized that they would evidence at most very minimal P3b reductions, given that these subjects have low to moderate lifetime exposure compared to adult samples, little comorbidity, and are likely to have low family history density of alcohol problems.
Although alcoholism research consistently finds a reduction in P3b amplitude, evidence for P3a abnormalities remain equivocal (Biggins et at, 1995; Rodriguez Holguin et al., 1998) . In this report, we examine both P3a and P3b responses in 'pure' treatment-naIve adolescents with AUDs.
Materials and Methods

Participants
We recruited English-and Afrikaans-speaking adolescents (13-18 years) oflow socioeconomic status and mixed ancestry from the Cape Town region in South Africa.
The total sample (N = 117) consisted of 52 (34 females) treatment-naIve alcohol dependent (TNAD) adolescents, and 65 (39 females) non-substance-abusing controls (NSAC). None of the participants had ever been treated for an AUD or SUD. We applied eligibility criteria rigorously to ensure that our samples were free of SUDs and psychiatric comorbidities. Exclusion criteria for study participation were: mental retardation, lifetime DSM-IV Axis I diagnoses other than AUD (including depressive, anxiety, psychotic, post-traumatic stress, elimination, eating, tic, attention deficitlhyperactivity, oppositional defiant, and conduct disorders); lifetime dosages exceeding 30 cannabis or 4 methamphetamine doses; current use of sedative or psychotropic medication; signs or history of fetal alcohol syndrome or malnutrition; sensory impairment; history of traumatic brain injury with loss of consciousness exceeding 10 minutes; presence of diseases that may affect the CNS (e.g., meningitis, epilepsy, HIV); less than 6 years of formal education; and lack of proficiency in English or Afrikaans.
Measures
History of alcohol use. We used a revised version ofthe Timeline Followback (TLFB) procedure (Sobell and Sobell, 1992) to assess lifetime history of alcohol use and drinking patterns (such as onset age, drinking and intoxication experiences). For the purposes of this history-taking, a standard drink was defmed as one beer or wine cooler, one glass of wine, or one 1.5-oz shot of liquor (alone or in a mixed drink). The Schedule for Affective Disorders and Schizophrenia for School-Aged Children (6-18 years) Lifetime Version (K-SADS-PL; Kaufinan et aI., 1997), a semi-structured clinician-rated diagnostic scale, was used to determine presence of a DSM-IV-defmed AUD.
Group membership was determined thus: Participants in the TNAD group were required to have a lifetime dosage in excess of 100 units, as well as a DSM-IV diagnosis of alcohol abuse or dependence. For these participants, we collected additional alcohol use information, including age at fIrst intoxication and age at which regular use commenced. Participants in the NSAC group were required to have a lifetime dosage of less than 100 units, and no history of an AUD diagnosis.
Psychopathology. Current and past psychiatric symptoms were ascertained during administration of the K-SADS-PL. Although all participants fell below the diagnostic threshold for psychiatric disorders (except AUDs, in the case ofthe TNAD group), subthreshold symptom counts were collected to examine sub-diagnostic threshold psychopathology. We derived composites for subthreshold internalizing psychopathology (depressive and anxiety disorder symptoms, including posttraumatic stress disorder) and subthreshold externalizing psychopathology (conduct disorder (CD) and oppositional defIant disorder (ODD) symptoms) by summing total subthreshold symptom counts for the specified disorders. We chose to examine subthreshold attention-deficit/hyperactivity disorder (ADHD) symptom counts separately from those of CD and ODD based on evidence suggesting that ADHD is not a socially deviant disruptive behavioral disorder (Kaplan and Sadock, 1998) . Similar means of assessing psychopathology in AUD samples have been used in previous studies (Di Sclafani et aI., 2008; Fein et aI., 2007) .
Family history density of alcohol problems. We asked participants whether they were currently cohabiting with, or had ever cohabited with, a frrst-degree relative (sibling or parent) who had an "alcohol problem". Responses to this question were coded as 0 if the participant had never cohabited with such an individual; 1 if the participant had cohabited with a single first-degree relative with an alcohol-use problem; and 2 if the participant had cohabited with more than one frrst-degree relative with an alcohol-use problem. This approach was adapted from the family history drinking questionnaire described by Mann et al. (1985) .
Experimental paradigm. We administered a standard three-condition visual target detection task, programmed using E-Prime software (Psychology Software Tools Inc., 2007). The task featured 280 stimuli, presented over approximately 6.5 minutes in a predetermined semi-randomized order. The three different stimulus types were: (a) the standard stimulus (a small hollow white square, accounting for 75% of all stimulus presentations); (b) the target stimulus (a small white X, 12.5% of all stimulus presentations); and (c) the rare non-target stimulus (different shapes of various colors, 12.5% of all stimulus presentations). Participants were instructed to press a response box button only when they saw the target stimulus. Each stimulus appeared on a black screen for 200 ms; the inter-stimulus interval was 1000-1100 ms. Each participant was shown examples ofthe stimuli and was given a chance to practice the task before data acquisition began. These stimuli were identical those used in our previous work (Fein and Andrew, 2011; Fein and Chang, 2006) .
Procedures
The study protocol adhered strictly to the guidelines contained in the Declaration of Helsinki (2008). All procedures were approved by the Western Cape Education EEGs were recorded for each participant during performance ofthe visual target detection task. EEG was acquired on a 64-channel Neuroscan SynAmps2 system with Scan 4.3 acquisition software (Compumedics Neuroscan Inc., 2008). A cephalic reference electrode (close to Cz) was used for all recordings. Left and right earlobe electrodes were also used for obtaining signals for re-referencing of data offline. The ground electrode was placed 8 cm above the nasion. Electrode site impedances were kept below 10 ill. A vertical electro-oculogram (EOG) was recorded from bipolar electrodes placed above and below the left eye for use in offline reduction of ocular artifacts. The EEG and EOG channels were sampled at 250 Hz and stored for offline analysis.
EEG and Statistical Analysis
We used the BrainVisionAnalyzer package (BVA; Brain Products, 2008) for ERP processing. Eye movement artifacts were removed using the Gratton and Coles method (Gratton et ai., 1983) . Data were then band-pass filtered between 0.5 and 15 Hz using a zero-phase lag filter at 48 dB/octave. Data were re-referenced to the right mastoid.
Stimulus-locked trials were extracted for all instances where there was a correct behavioral response for the standard, target and rare non-target conditions, with each trial comprising 100 ms of data pre-stimulus and 750 ms post-stimulus. The trials were baseline corrected using the 100 ms pre-stimulus interval. Any trials with out"'of-range voltages (± 75 mV) were rejected as artifact and excluded from further processing. If fewer than 21 trials per condition (standard, target, or distracter) remained for any subject following artifact rejection, that subject's data were eliminated from the analysis. On this basis, data from 1 NSAC and 7 TNAD participants were eliminated, leaving a final sample size ofN= 109 (45 TNAD (30 females) and 64 NSAC (38 females)). ERP waveforms were extracted by averaging across trials for each condition. In addition to the ERP waveforms, the ERP difference waveforms (a) between the target and standard condition, and (b) between the rare non-target and standard condition were also computed. Grand average ERP waveforms for each condition were produced by averaging the ERPs within each group. Grand average topographical maps were also computed to display the spatial distribution ofP300 amplitudes. The computation of grand average ERPs and topographical maps, and the extraction of amplitUdes and latencies of the P300 components described below, were performed on both the ERP and the ERP difference waveforms.
P3b amplitude for each subject for the target and P3a amplitude for the rare non~ target conditions (maximum positive peak in a time window from 300~500 ms) were measured at the midline electrode (Fz, FCz, Cz, CPz, Pz, POz, or Oz) at which the spatial distribution peak was maximal for the ERP and ERP difference waveforms for that subject. The amplitude and latency of the P3b and P3a were then extracted at the selected electrode site. BVA's semi-automated peak detection algorithm was used to extract the P3b and P3a peaks, with manual adjustment of the peak location as necessary, based on temporal and spatial distribution of the ERP component. Where the P300 was absent or ambiguous for a subject, the component was scored as missing. Five subjects did not show clear P3b peaks and 10 subjects did not show clear P3a peaks, and so these participants were omitted from the relevant statistical analysis. Behavioral data for target (reaction time and accuracy) and rare non-target (accuracy) conditions were extracted over a period of 750 ms following stimulus presentation.
We used SPSS software (SPSS Inc., 2008) for data analyses. The main analyses consisted of2 (group) x 2 (gender) factorial ANOVAs run separately on (a) demographic variables, (b) alcohol-use (individual and family) variables, (c) psychiatric symptom counts, (d) three behavioral outcome variables (reaction times to target stimuli, and accuracy for both target and rare non-target conditions), and (e) the four major ERP outcome variables (latency and amplitude ofP3a and P3b). Effect size is reported as partial'll:!, the percent of the dependent variable variance independently accounted for by the effect being examined. We examined associations between ERP measures (latency and amplitude ofP3a and P3b) and (a) alcohol-use variables, (b) family history density of alcohol problems, and (c) psychiatric symptom counts, using Spearman correlations. The threshold for statistical significance was held at p .05 for these analyses, despite the fact that we calculated multiple sets of correlations. We took this position because this aspect of the analysis was (a) largely exploratory and (b) conducted on a non-clinical sample that featured low levels of symptom counts and low family history density of alcohol problems, and hence (c) we were more concerned with avoiding Type II errors than Type I errors. Table 1 shows the demographic, alcohol-use (individual and family), and psychiatric symptom count characteristics of the current sample. Regarding demographic variables and family history density of alcohol problems, there were no significant main effects of group or gender, and no group x gender interaction effects.
Results
Sample Characteristics
Regarding alcohol-use variables, we found the expected effects given the study'S selection criteria: n~AD participants, relative to NSAC participants, (a) had earlier onset of alcohol use, (b) had consumed more alcohol, and (c) were more likely to have had a previous intoxication. Of note here is that several NSAC participants had experimented with alcohol, but at a later age than TNAD. Statistical comparison between groups of variables associated with selection criteria are not warranted; however, we note that aside from duration of regular alcohol use (where boys had significant longer drinking histories than girls), there were no other significant main effects of gender, or group x gender interactions, with regard to the alcohol-use variables.
Regarding psychiatric symptom counts, TNAD participants presented with more externalizing symptoms and more ADHD symptoms than did NSAC participants, FC1, 105) 14.161,p < .001, and FC1, 105) 4.035,p = .047, respectively. Girls presented with more internalizing symptoms than boys, F(l, 105) 6.746,p .011; conversely, boys presented with more externalizing symptoms than girls, FC1, 105) 7.363,p = .008.
There were no other significant main effects or interaction effects with regard to psychiatric symptom counts.
[Insert Table 1 about here] Table 2 presents behavioral data from the three-condition visual target detection task. Regarding the dependent variable of reaction time in response to target stimuli, there was a significant main effect of gender, FC1, 1 05) 4.102, p .045, with boys responding more quickly than girls. There were no other significant main or interaction effects with regard to this outcome variable, or with regard to the other two outcome variables.
Task Reaction Time and Accuracy
[Insert Table 2 about here]
ERPs
Results obtained for P300 measures derived from the ERP and the ERP difference waveforms for the rare non-target and target were similar. Hence, we present only results for the ERP difference waveforms and measures derived from these. Figure 1 shows the comparison of grand average difference ERP waveforms and topographical maps for the NSAC and TNAD groups for the rare non-target and target conditions. The spatial distributions of the P3a and P3b were similar across groups, with the P3a component being fairly widespread with its maximum over the centro-parietal regions (CPz and Pz), and the P3b showing a more localized spatial distribution at the parietal electrode site (pz). In accordance with the observed spatial distributions of the P3a and P3b subcomponents, the grand average difference ERP waveforms for the rare non-target and target conditions are displayed at CPz and pz respectively.
[Insert Figure 1 about here]
There was variability across subjects in the location ofthe maximum ofthe spatial distribution ofthe P3a and P3b components across midline electrode sites. Table 3 shows a breakdown by midline electrode site of the location ofthe P3a and P3b maximal amplitude across subjects. As expected from the spatial distributions of the grand average topographical maps in Figure 1 , most subjects had a spatial maximum ofthe P3b at the parietal electrode site (pz), while for the P3a there was a more even distribution of subjects across Cz, CPz, Pz, and POz.
[Insert Table 3 about here]
The latencies and amplitudes ofthe P3a and P3b components were extracted from the electrode site at which the spatial maxima occurred for each subject. Table 4 shows these data. There were no significant main or interaction effects with regard to P3a or P3b latency. There were also no significant main effects of group, or group by gender interaction effects, for P3a or P3b amplitude. There was, however, a significant main effect of gender for both P3a and P3b amplitude, F(1, 95) 5.175, P .025, and F(1, 100) 4.819,p .030, respectively, with boys having larger amplitudes than girls in both cases.
[Insert Table 4 about here] Table 5 presents associations, within the TNAD group, between ERP measures and (a) alcohol-use variables, (b) family history density of alcohol problems, and (c) psychiatric symptom counts. There were only two statistically significant correlations:
ERP Associations with Alcohol-Use and Psychiatric Symptom Counts
P3a latency was positively associated with internalizing symptom counts (r .447, p = .004), and P3b amplitude was negatively associated with regular drinking frequency (r = -.330,p .040).
[Insert Table 5 about here]
Discussion
The central finding of this study was that, compared to non-substance-abusing controls, there was no reduction ofP3b amplitude in treatment-naIve actively drinking adolescents with alcohol dependence, but without other substance use or psychiatric comorbidity. This finding is consistent with our a priori predictions, which were made for two primary reasons. First, treatment-naIve individuals with AUDs tend to have less severe alcoholism, lower family history density of alcohol problems, and less psychiatric and polysubstance comorbidity than their treatment-seeking counterparts (Di Sclafani et aI., 2008; Fein and Landman, 2005) . Previous research demonstrating the P3b reduction has, by and large, used participants from treatment-seeking or treated populations. Furthermore, previous studies have shown that alcohol exposure, genetic risk for alcoholism, and comorbid psychopathology may contribute independently to the P3b reduction seen in treatment-seeking populations (Hill et aI., 1999a; Perlman et aI., 2009 ).
In treatment-naIve AUD samples such as the one studied here, levels of genetic risk for alcoholism and subdiagnostic psychopathology were probably lower than those in treatment-seeking AUD samples used elsewhere (Di Sclafani et aI., 2008) . Our eligibility criteria specified that those with diagnosable psychopathology were excluded from participation; hence, only those with subdiagnostic symptom counts were eligible, and the ceiling for comorbid psychopathology was set very low. As it turned out, most of our participants had no subdiagnostic psychopathology. Similarly, although we did not empirically evaluate genetic risk for alcoholism, our assessment of family history density of alcohol problems suggested that most had no known family history density of alcohol problems, and so again the ceiling for genetic risk for alcoholism was likely low.
An early COGA (Consortium on the Genetics of Alcoholism) study that compared P300 amplitudes in community-dwelling individuals with AUDs (but with low family history density of alcohol problems) to those in treatment-seeking members of densely affected families reported no P3b reductions in the community-dwelling sample compared to the high-density sample, despite the fact that all participants, regardless of group, met DSM criteria for dependence (Porjesz et al., 1998) . Because those [mdings are consistent with the current study, it is likely that, despite the limitations of our measure of family history density of alcohol problems, the conclusions arising from our assessment of genetic vulnerability to alcoholism in the current TNAD sample, are true.
The second factor that drove our prediction of at most very minimal P3b reduction in the TNAD group was that we examined P300 in an adolescent sample. Hence, the individuals investigated here were at an earlier stage of alcoholism and had comparatively lower lifetime alcohol exposure than more frequently examined adult samples. Alcohol exposure has a cumulative neurotoxic effect on the brain: electrophysiological abnormalities become more marked with increased consumption (Floyd et al., 1997; Polich and Bloom, 1986 ). If the degree ofP3b amplitude reduction is moderated, at least partially, by amount of lifetime alcohol exposure, it is not surprising that this reduction was less marked in a younger sample with relatively low lifetime alcohol exposure.
Because we focused on adolescent participants in this study, it is not possible for us to directly compare the consequences of alcohol use in adolescents and adults.
Nevertheless, our [mdings appear to conflict with predictions of increased susceptibility to P300 reductions in children and adolescents compared to adults (Polich et al., 1994) . Such predictions arise from the fact that the developing brain is particularly vulnerable to the neurotoxic effects of alcohol (Gogtay et aI., 2004; Sowell et aI., 2004) . Age-related vulnerability to the deleterious effects of alcohol may, however, be moderated by other factors, including, importantly, genetic vulnerability to alcoholism (Hill and Shen, 2002) and brain differences associated with psychiatric comorbidity (Bauer and Hesselbrock, 1999, 2003) . On the other hand, the relative plasticity ofthe adolescent brain may facilitate recovery from neurotoxic events such as alcohol exposure, thus contributing to limited changes in the P300 following alcohol exposure (Benton and Tranel, 2000) .
Indeed, our results appear to be consistent with this notion. Taken together, and with regard to age-dependent effects on the P300, it appears that (a) relatively reduced cumulative alcohol exposure in adolescents versus adults, and/or (b) relative plasticity (as opposed to relative vulnerability) of the adolescent brain possibly moderated the relationship between AUDs and P300, thereby contributing to minimal changes in the P300 in the current adolescent sample. Nevertheless, further work is needed to characterize the consequences of alcohol exposure during the adolescent phase.
Regarding associations between P300 and (a) family history density of alcohol problems, and (b) psychiatric symptom counts, we observed only one significant relationship (a positive association between P3a latency and internalizing symptoms).
Although genetic risk for alcoholism and the presence of other psychopathology have known effects on the P300 (Hill et aI., 1999a (Hill et aI., , 2000 Perlman et aI., 2009) , the low levels and limited range of scores on measures ofthese variables in the current sample probably prevented us from observing other possible significant associations with ERP measures.
Regarding associations between P300 and alcohol-use variables, we again observed only one significant relationship: a negative association between P3b amplitude and regular drinking frequency. Although this association is indeed suggestive of the expected relationship between P300 and alcohol use, it did not generalize to other indices of use, including measures ofconsumption quantity (i.e., average monthly drinking quantity and alcohol lifetime dose).
The lack of significant association between P3b amplitude and consumption quantity in this sample stands in contrast to previous research reporting that alcohol exposure contributes to changes in the P300 (Criado et al., 2008; Ehlers and Criado, 2010; Perlman et aI., 2009) , and that these changes become more marked with increased consumption (Floyd et aI., 1997; Polich, 1986) . Again, we attribute the current lack of significant association to the fact that our sample consisted oftreatment-naYve individuals with less alcohol exposure than the treatment-seeking individuals featured in previous studies. Indeed, we found a similar pattern of non-significant associations in treatment naIve adults (Fein and Andrew, 2011) .
Although alcohol use may be characterized in various ways (including frequency of use, age offrrst use, and various measures of consumption quantity), most other studies restrict alcohol-use measures to indices of consumption quantity (e.g., amount of alcohol consumed in the previous year; maximum amount of alcohol consumed on one occasion), or combine indices of consumption quantity and frequency of use into a single measure (Carlson et aI., 2002; Perlman et aI., 2009) . Emphasis on consumption quantity as a primary index of alcohol use is likely due to the observation that quantity, rather than frequency of use, generally has a larger effect on the P300 (Neville and Schmidt, 1985; Polich, 1984) . The observed significant association between P3b amplitude and regular drinking frequency is therefore (a) difficult to contextualize in relation to the literature because frequency of use is rarely examined as an independent measure, and (b) difficult to explain since neither measure of consumption quantity was associated with the P300. Furthermore, the significant association relating to frequency of use alongside the absence of any significant association with consumption quantity is surprising because those in the TNAD group largely endorsed weekend-only binge drinking, and so had a relatively limited range of drinking frequency.
We examined gender differences in P300 following mixed reports of such effects within AUD samples. Overall, boys had larger P300 complexes than girls. These results are consistent with Hill and Steinhauer (1993) and Steinhauer and Hill (1993) , who also reported larger P300 amplitudes in boys. Mixed reports of gender-related differences in P300 inthe literature, however, may be due to possible interactions between age and gender on the P300. Specifically, it appears that, during adolescence, boys generally exhibit relatively larger P300 complexes; however, from late adolescence onwards, females tend to have relatively larger P300 complexes (Carlson et aI., 2002; Hirayasu et aI., 2000; Hoffman and Polich, 1999) .
Neuroimaging findings suggest that these apparent interactions between age and gender arise due to age-related gender differences in brain maturational processes.
Although pubertal development occurs earlier in females, the rates of certain neuromaturational processes during adolescence (notably dendritic pruning, myelination, and increases in corpus callosum size) appear to occur faster in males (De Bellis et aI., 2001) . Because P300 amplitude may be influenced by both sex steroids (Gould et aI., 1990; Woolley et aI., 1996) and the volumes of certain brain regions, including the corpus callosum (Alexander and Polich, 1995; Hoffman and Polich, 1999) , comparatively early pubertal development in females, alongside comparatively faster rate of neuromaturational processes in males, may explain the noted interactions between age and gender in P300 amplitude. This hypothesis, however, can only be tested within a longitudinal design that spans the period from late childhood to early adulthood.
Regarding the relationship between P300 and ADDs, it is interesting, however, that although TNAD participants (regardless ofgender) did not exhibit significant changes in the P300 relative to NSAC participants, gender appeared to moderate the direction of the relationship between P300 and ADDs. Specifically, and relative to corresponding NSAC participants, female TNAD participants showed slight decreases in P3b amplitude (i.e., a change in the expected direction), while male TNAD participants showed slight increases in P3b amplitude (i.e., a change in the opposite direction). These [mdings contrast with those from a previous study by this laboratory that used an identical task to examine visual P300 in adult treatment-naive participants and found (non-significant) reductions in P3b amplitude in TNAD relative to NSAC across genders (Fein and Andrew, 2011) . These discrepant findings may suggest age-dependent effects of ADDs on P3b amplitude in treatment-nalve males (i.e., young males show slight increases in P3b amplitude, while older males show slight decreases in P3b amplitude).
However, because studies rarely examine the P300 in both younger and older ADD populations simultaneously, it is difficult to determine whether age-dependent effects indeed exist. Further work is thus needed to examine gender differences in the P300 in adolescents.
A potential limitation of our fmdings is that measurement issues may have influenced our examinations of between-group differences in family history density of alcohol problems, as well as of associations between P300 measures and family history density of alcohol problems. Specifically, we measured family history density of alcohol problems by counting the number offrrst-degree relatives with whom the participant had cohabited and who had an alcohol-use problem; other studies(e.g., Fein and Chang, 2008; Mann et aI., 1985) did not restrict their measurement of this variable to cohabiting relatives, but instead calculated the proportion of first-degree relatives with an alcohol use problem. Nevertheless, we maintain that our fmdings are sound, as they are consistent with predictions based on the expectation of lower genetic vulnerability to alcoholism in TNAD versus treated samples (Di Sclafani et aI., 2008) .
Some degree of caution in interpreting the results is warranted given the limited sample sizes of the current study, especially with regards to adolescent TNAD males (n = 15). Nonetheless, the P3b amplitUde results for this sample ofTNAD males are very supportive of our interpretations that P3b amplitude is not reduced in the AUD population studied. The P3b amplitudes are 22% (although not statistically significantly) larger in the TNAD group than the NSAC group. Longitudinal follow-up of samples such as those studied here could elucidate the stability of the fmdings over time with continued exposure to hazardous drinking.
In summary, our findings demonstrate an absence of P300 reduction in treatment naive adolescents with alcohol-use disorders. We attribute this finding to the fact that treatment-naive adolescents have comparatively lower alcohol exposure, less genetic vulnerability to alcoholism, and less psychiatric comorbidity than more frequently studied adult treated samples. This rationale is supported by an overall lack ofassociation between ERP and alcohol-use (individual and family) variables, and between ERP and psychiatric symptom counts, within TNAD. These observations contribute to accumulating literature describing numerous and clinically significant differences between treatment-seeking and treatment-naIve samples. Future studies should seek to create models specifying directions of association, and the weight ofpaths, between psychiatric comorbidity, P300 reductions, and chronic alcohol use. Note. Means are presented with standard deviations in parentheses. NSAC non substance-abusing control group; TNAD = treatment-naIve alcohol dependent group.
Figure Legends
aStatistical comparisons on variables relating to selection criteria are not appropriate.
umber offtrst-degree cohabiting relatives who are problem drinkers. Note these are presented as absolute numbers and not as proportions (as in previous publications by our group), and so they cannot be compared directly with our previously published results on familyhistory density of alcohol problems. eTotal symptoms of depressive and anxiety disorders. dTotal symptoms of conduct disorder and oppositional defiant disorder.
*p < .05. **p < .01. ***p < .001.
Table 2
Note. Means are presented with standard deviations in parentheses. NSAC = non substance-abusing control group; TNAD treatment-naIve alcohol dependent group.
*p < .05.
Table 3
Note. Data represent the number of participants whose spatial maxima occurred at each electrode site. Table 4 Note. Means are presented with standard deviations in parentheses. Latency data are presented in ms. Amplitude data are presented in 11V. NSAC = non-substance-abusing control group; TNAD = treatment-naiVe alcohol dependent group.
*p < .05. Table 5 Note. Data presented are Spearman correlations. aNumber of first-degree cohabiting relatives who are problem drinkers. Note that these are presented as absolute numbers and not proportions (as in previous publications by our group), and so cannot be compared directly with our previously published results on family history drinking scores. bTotal symptoms ofdepressive and anxiety disorders. CTotal symptoms of conduct disorder and oppositional defiantdisorder. 
